Hypersonic flow past the surface with sharp edge is investigated. This surface forms an obtuse angle therefore the shock wave generated by the leading edge interacts with the surface. The effect of influence of the surface direct current discharge and a transverse magnetic field on the gas dynamic characteristics is investigated. To solve this problem a numerical simulation is used. The calculation model includes the set of the Navier -Stokes and energy conservation equations, as well as equations of electrodynamics in the ambipolar approximation, and the Poisson equation. Results of numerical modelling the gas dynamics and electrodynamics of gas discharge with magnetic field show the change in the structure of the shock-wave interaction with surface far from location of the gas discharge. It is shown that the low-current glow discharge can be used as an electromagnetic actuator in hypersonic flows.
Introduction
In the late 90th of the last century, a series of experimental studies to provide data on the mass and heat fluxes for aerodynamic configurations typical for hypersonic vehicles [1] were carried out. The results of these experiments were thoroughly documented that allowed different groups to perform a validation of computational studies for author's computer codes developed by them. It is important that the results of the validation of these calculations were analyzed in detail by the group of highly qualified specialists in the field of computational aerodynamics (CFD), and the results of this analysis were published in the proceedings of a number of AIAA conferences. A review of these papers is presented in [1] . Among the studied aerodynamic configurations, special attention was focused on  Blunt and sharp cones at Mach number M = 8,  Blunt cone with flare at M = 8 ÷ 10,  Hollow sharp cylinder with flare at M = 9 ÷ 11,  Interaction of shock waves at Mach~10 (the fourth type of interaction in the Edney classification),  Reflection of stationary shock waves with forming the regular configuration or the Mach configuration, as well as the hysteresis phenomena. A series of experimental and theoretical works was devoted to the interaction of shock waves with the turbulent boundary layers in various configurations of the flow. Each of these configurations is of great interest for the study of hypersonic flows. In accordance of the purpose of [3] ). Among other above mentioned works we highlight the work [3] , where not only the results of calculations using two computer codes (WIND [7] and DPLR [8] ), but also accomplished study of the properties obtained from numerical solutions on different meshes are presented. It was found that the quality of computational meshes and the quality of the calculation method applied is a problem of particular importance. The good agreement between calculated and experimental data is obtained only on very detailed grids. 
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In this paper by the example of the problem of streamline of the sharp edge and surface, forming an obtuse angle, the impact of the glow discharge placed on the surface on the structure of the flow is examined. Schematic picture of the problem is shown in figure 1 .
General formulation of the problem of creating plasma actuators was discussed in [9 12 ]. Earlier, the glow discharges localized on surface in the hypersonic flow was numerically studied in [13 15] . A detailed presentation of the numerical methods used to solve the problem of plasma actuators on the basis of the surface glow discharge of low power is given in [16, 17] .
In the present paper an electromagnetic actuator formed by two electrodes made in the form of strips arranged transverse to the flow on the surface, as shown in figure 1 . The subject of a numerical study is to identify perturbations in the pressure and heat flux distributions along the surface of the obtuse angle. As an additional control parameter of the plasma actuator a transverse magnetic field, which the polarization is shown in figure 1 , is considered.
Gas dynamic model
We consider streamline of a sharp leading edge by a viscous, heat-conducting and partially ionized gas. The surface forms an obtuse angle before which the glow discharge is lighted, and magnetic field is applied in the cross-flow direction. The glow discharge is organized between two rectangular sections of the electrode at the surface, as shown in figure 1 . An external electric circuit is taken into account. It consists of a power source and an ohmic resistance. In [9 12 ] it has been shown that the order in arrangement of electrodes in the flow is important. In present paper, it is assumed that the cathode is located upstream (ground electrode in figure 1 ).
The set of governing equations of the dynamics of a viscous, heat-conducting, and partially ionized gas takes into account the current flowing through that as well as the azimuthal magnetic field. It looks as follows: Q is the heat release power due to the electric current; Q  is the dissipative function:
  
is the magnetic field induction, c is the speed of light. When one takes into account the magnetic field the term in the right hand side in equation (5) should be modified as follows:
Equation (6) is the Maxwell equation for conservation of electric current under steady-state conditions. Equation (5) expresses the continuity of the charged components of the partially ionized gas [16, 17] . To obtain this equation, the following assumptions were used:
 velocities of the charged and neutral particles in partially ionized gas are equal, , instead of equation (6) it is more preferable to use the following equation for potential:
Equations (1)  (6) are recorded in the Cartesian coordinate system. To calculate the structure of gas flow the new variables in the curved geometry are introduced
x y x y
. These variables are connected with Cartesian coordinates by the one-to-one transformations. Now, the coordinate  is directed along surface, and the  -coordinate is directed normally to surface.
The boundary conditions for system (1)  (6) are presented in the following form (see figure 1) :
(the dielectric surface): 
Here: Edge  is the longitudinal coordinate of the leading sharp edge; The electro-technical equation for external electric circuit is used in the following form:
from which the voltage drop c V can be found, 0 R is the ohmic resistance, I is the total current in electric circuit, which is determined by integral over the surfaces of electrodes:
where n is the unit vector normal to cathode (c) and anode (a) surfaces; j is the vector of current density. All dimensions in the task are related to the lengths of the electrodes in zdirection.
Gas dynamic profiles without electric discharge, as well as a plasma cloud with charged particles concentration of above cathode sections were used as initial conditions for the calculations. The time-asymptotic method was used for integration of governing equations therefore the precise type of initial conditions was not very significant. Nevertheless, due to nonlinear character of the problem under consideration the initial conditions should be quite accurate.
In accordance with [16] the hypersonic flow of molecular nitrogen is considered. The constitutive relationships for N 2 are based on the molecular-kinetic theory [18] : 
where  is the coefficient of efficiency of gas heating. Setting this ratio in the range An additional force acted on gas due to the presence of magnetic field has two components:
These two projections of the magnetic field are taken into account in equations (2) and (3).The set of equations (1)  (6) describing a motion of a viscous, heat-conducting, and partially ionized gas along the surface with glow discharge at the presence of external magnetic field was solved by the type-asymptotic method up to achieving a numerical convergence with a relative error of 10 -5 , which is calculated over the entire field of flow for functions , , , , , u v p T n  . At each step the following equations were integrated numerically:
 the continuity equation and the Navier-Stokes equations,  the energy conservation equation,  the set of electrodynamic equations.
The AUSM method was used for integrating the gas dynamic equations. The energy conservation equation was integrated with the use of the implicit finite-difference method of the second order accuracy in time and in space. The same numerical approach was used for integration of the electrodynamic equations. This part of the numerical simulation procedure was the most time-consuming due to exponential character of the source of ionization.
Second internal iterative process (at each time step) consisted in achieving the mutual convergence of functions obtained at solving the Fourier-Kirchhoff equations (the energy conservation equation) and the set of electro-dynamic equations. The need in this iterative process was caused by the fact that the gas temperature is very strongly influenced by its ionization rate, which, in turn, produces strong perturbations in the right-hand side of equation (5) .
Results of numerical simulation
Two configurations of mutual location of electrodes were investigated. Coordinates of electrodes for these configurations are shown in table 2. The choice of these two configurations follows from the obvious fact that creation of an artificial disturbance to the leading edge leads to significant consequences for the entire flowfield. Figure 2 shows the distribution of the gas-dynamic parameters of the streamlined surface without an electrical discharge. It is assumed that the edge of the plate is located at a distance of 1 cm from the computational domain boundaries. of the vortex motion of the gas. In present case, the length of this zone does not exceed of about 1 cm. From figure 2f one can see that two areas of the flow spread are in the positive direction. The first area is from the leading edge, and the second area is from the sharp turn of the surface. The most high pressure is observed on the surface in place of the fall of the bow shock. In the vicinity of this place there is a noticeable increase in temperature ( figure 2d ) and, as a consequence, the increasing of the heat flux to the surface. Here there is also a natural increase in density (figure 2c) . The formulation of present task includes an examination of the possibility to modify the gas dynamic functions by the use of the surface glow discharge of low power. Figure 3 shows the distribution of the gas-dynamic parameters when the glow discharge is used for the first electrode configuration x , cm 5 6
The first configuration of the electrodes is considered with e.m.f. pushing the gas to the streamlined surface. Figures 5 and 6 show the distribution of the gas-dynamic parameters for the 1st and 2nd electrode configurations respectively.
Before analyzing the characteristics of gas-dynamic perturbations associated with the interaction between the surface glow discharge and external magnetic field, we consider the appropriate distribution of the electro-dynamic parameters shown in figures 7 and 8. Figures 7a and  8a show the distribution of electric potential, which clearly shows the location of the anode and cathode (the largest potential). heated to a temperature of ~2300 K, which is higher than that in the discharge without magnetic field. a b
c d e f Distributions of the Stanton numbers, of the pressure coefficient, as well as the friction coefficient of surface tension (figure 11) along the surface, are shown in figures 9  11.
The Stanton number was calculated by the formula The coefficients of the pressure and friction are calculated as following The Stanton coefficient very strongly increases in the domain between cathode and anode without discharge, especially with the magnetic field An important effect of the electric discharge and magnetic field is a shift of the heating domain by the amount of ~3 cm along the inclined surface.
A similar effect is observed in the distribution of the pressure coefficient p c with the difference that it increases at displacement of the maximal pressure along the surface. The distribution of the surface friction coefficient f c points to increasing the vortex in gas discharge with magnetic field (figures 11 a, b). 
Conclusion
The problem of hypersonic flow past the surface with sharp edge has been considered. This surface forms an obtuse angle therefore the shock wave generated by the leading edge interacts with the surface.
The effect of influence of the surface direct current discharge and a transverse magnetic field on the gas dynamic characteristics is investigated. To solve this problem a numerical simulation model has been used. This model is based on set of the Navier -Stokes and energy conservation equations, as well as on equations of electrodynamics in the ambipolar approximation, and the Poisson equation.
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IOP The results of numerical modeling the gas dynamics and electrodynamics of gas discharge with magnetic field point out to a change in the structure of the shock-wave interaction with surface far from location of the gas discharge.
So, by the calculations it is shown that the low-current glow discharge can be used as an electromagnetic actuator in hypersonic flows.
